The synthesis, structural and magnetic characterization of five new members of the hexanuclear oximate [Mn III 6] family is reported. All five clusters can be described with the general formula [Mn III 6O2(R-sao)6(R'-CO2)2(sol)x(H2O)y] (where R-saoH2 = salicylaldoxime substituted at the oximic carbon atom with R = H, Me and Et; R' = 1-naphthalene, 2-naphthalene and 1-pyrene; sol = MeOH, EtOH or MeCN; x = 0-4 and y = 0-4). More specifically, the reaction of Mn (ClO4) 
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The synthesis, structural and magnetic characterization of five new members of the hexanuclear oximate [Mn III 6] family is reported. All five clusters can be described with the general formula [Mn III 6O2(R-sao)6(R'-CO2)2(sol)x(H2O)y] (where R-saoH2 = salicylaldoxime substituted at the oximic carbon atom with R = H, Me and Et; R' = 1-naphthalene, 2-naphthalene and 1-pyrene; sol = MeOH, EtOH or MeCN; x = 0-4 and y = 0-4). More specifically, the reaction of Mn (ClO4) . 4H2O [1] [2] [3] [4] [5] , numerous paramagnetic polymetallic clusters that can retain their magnetization at low temperatures once magnetized upon removal of the external stimuli have been reported [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . This unique magnetic behaviour results from the combination of a large spin ground state, and a relatively large and negative magnetoanisotropy, D, which creates a significant energy barrier to magnetization reversal, U, whose upper limit is given by U= S 2 │D│for integer spin, and U= (S 2 -1/4) │D│ for half-integer spin ground states. Besides the scientific interest that such molecules possess, it has been proposed that they may be used in various technological applications, such as in computer magnetic storage, in magnetic resonance imaging as contrast agents, and in cooling processes [23, 24] . Manganese oximate cluster chemistry has afforded a large family of compounds that function as SMMs; a series of complexes with general formulae [Mn
(R= H, Me, Et, Ph, etc; L= solvent and x = 3 or 6) were synthesized and characterized [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] 
Experimental

General and physical measurements
All manipulations were performed under aerobic conditions, using materials as received. Me-saoH2, Et-saoH2 and saoH2 were synthesized by the reaction of the appropriate precursor aldehyde with hydroxylamine and sodium acetate in EtOH, as described in literature [42] . Elemental analyses (C, H, N) were performed by the University of Ioannina microanalysis service. Variable-temperature, solid-state direct current (dc) magnetic susceptibility data down to 5 K were collected on a Quantum Design MPMS-XL SQUID magnetometer equipped with a 7 T dc magnet at UoC.
Diamagnetic corrections were applied to the observed paramagnetic susceptibilities using Pascal's constants. 
Single-crystal X-ray crystallography
Diffraction data for 1 . 4.4H2O . 1.6EtOH, 2 . 6EtOH and 3 . 6EtOH were collected at 100 K on an Xcalibur PX diffractometer. All structures were refined by full-matrix leastsquares techniques on F 2 with SHELXL [43] . Data collection parameters and structure solution and refinement details are listed in Table 1 . Table 1 Crystal and structure refinement data for complexes 1 -5 
Description of structures
All five clusters (Figures 1-3 In Figure 4 , the metallic cores of all three types of clusters are given, and it becomes apparent that Type I and Type II complexes are closely related, while Type III clusters are so distorted that the connectivity between the two triangular units is completely different. 
Magnetic properties
Dc magnetic susceptibility measurements were performed for all compounds in the 5-300 K temperature range under an applied field of 0.1 T. The results are shown as χMT vs. T plots in Figure 8 . We were able to successfully simulate the magnetic susceptibility data for all (Table 3 ). Therefore, for cluster 5 we 
Ĥ = -2J1(Ŝ1Ŝ2 + Ŝ2Ŝ3 + Ŝ1Ŝ3+ Ŝ1΄Ŝ2΄ + Ŝ2΄Ŝ3΄ + Ŝ1΄Ŝ3΄) -2J2(Ŝ1Ŝ4΄ + Ŝ2Ŝ1΄ + Ŝ1Ŝ2΄) (1)
and using program MAGPACK [44] , yielded J1 = -7.95 cm -1 , J2 = +13.80 cm -1 and g = 2.00. These parameters lead to a spin ground state of S = 4 for cluster 5.
For clusters 3 and 4 we adopted a 1-J model (Figure 6 , right) and spin-Hamiltonian (2),
Ĥ = -2J1(Ŝ1Ŝ2 + Ŝ2Ŝ3 + Ŝ1Ŝ3 + Ŝ1΄Ŝ2΄ + Ŝ2΄Ŝ3΄+ Ŝ1΄Ŝ3΄+ Ŝ1Ŝ1΄ + Ŝ1Ŝ2΄ + Ŝ2Ŝ1΄)
which afforded J1 = +1.35 cm -1 and g = 2.00 for complex 3, and J1 = +0.82 cm -1 and g = 2.00 for complex 4. These parameters lead to a spin ground state of S = 12 for both complexes.
ii) For complexes 1 and 2, which are non-classical examples of [Mn6/oximate] clusters since they present an extra bridge through the μ4-oxo ion, we modified the exchange coupling scheme by adding this extra feature. More specifically, for complex 1 we adopted a 3-J model ( Figure 7 ) assuming one J1 interaction between a) Mn1-Mn2 and Again, as in the previous case, these parameters lead to a non-isolated spin ground-state for the cluster, since the S = 3, S= 2, S= 1 and S= 0 spin states are located within ~4 cm -1 . All parameters obtained from the magnetic analyses are summarized in Table 3 . 
where Ueff is the effective relaxation barrier, τ is the relaxation time, τ0 is the preexponential factor and k is the Boltzmann constant, yielding Ueff = 63 K and τ0 = 1.52 x10 -10 s for complex 5 and Ueff = 36 K and τ0 = 1.42 x10 -8 s for complex 6 ( Figure 10 ). 
Conclusions
In iii) despite more than 10 years of research into manganese-oxime cluster chemistry, new species with novel structural topologies and magnetic behavior are still uncovered, highlighting the enormously rich coordination chemistry and magnetochemistry that can be discovered via thorough investigation of synthetic space.
Supplementary material
CIF files of complexes 1-5.
